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© Active attenuator for attenuation of the pressure pulsation In the headbox in paper and board 
machines. 

• 

© The invention relates to a method of active at- 
tenuation of pressure pulsation in the stock fed into 
the headbox (10) of a paper or board machine in 
such a way that the pressure pulsations in the stock 
are measured and the water flow to be fed into the 
stock is controlled on the basis of the results of the 
measurement The volume available for the stock 
flow is controlled by means of water flow changes. 
Pressure variations achieved by volume variations 
are arranged substantially in opposition in relation to 
the pressure variations to be attenuated thus attenu- 
ating the pressure variations in the stock- The inven- 
tion also relates to an apparatus for carrying out the 
above method. The apparatus comprises a sensor 

^j(6) or a set of sensors, on the basis of whose output 

^signal/signals a regulator (7) has been arranged to 

^ automatically control the water flow to be fed into the 

2 stock by an adequately fast valve arrangement (1) 

CO moved by the controlling element (2) of the regulator 
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CO 
CO 




UJ 



Xerox Copy Centra 



1 



EP 0 335 343 A2 



2 



Active attenuator for attenuation of the pressure pulsation in the headbox in paper and board 

machines 



The invention relates to a method of active 
attenuation of the pressure pulsation in the stock 
fed into the headbox of a paper or board machine. 

The invention also relates to an apparatus for 
carrying out the method according to the invention. 

The background and purpose of the present 
invention and the mechanisms of formation of dis- 
turbancies in the solids flow In the approaching 
piping of the stock system in a paper machine are 
first discussed in generai terms. Conditions are 
ideal as regards the disturbancies when, at each 
length unit of the slice of the headbox, an equal 
quantity of dry material continuously flows out at a 
constant velocity per time unit If the flow is the 
same across the total width of the slice, but varies 
in relation to time, basic weight variations in the 
machine direction are caused. It is the main object 
of the present invention to provide a method and 
an apparatus by means of which the variations can 
be attenuated more effectively and economically 
than by prior methods. 

If the stock flow is constant in relation to time, 
but varies at different points across the width of the 
paper machine, cross direction variations in the 
basic weight are produced. These variations cannot 
be attenuated by the attenuating systems in the 
approach piping of the stock system. As known, 
the adjustment of the profile is achieved by means 
of the fine-regulating spindles of the slice lip. 

If the stock flow is independent of time simulta- 
neously measured at the whole of the slice and, 
furthermore, the same on the average at each point 
of the width of the paper machine observed over a 
prolonged period of time, but varies momentarily, 
random heavier and lighter points, or so called 
remnant variations, are caused. The latter variations 
are caused first of ail by the influence of the 
turbulence formed in the headbox on the outlet flow 
and secondly by the small-scale unevenness of 
solids distribution in the stock. 

The turbulence mentioned above cannot be 
attenuated by attenuation systems according to the 
invention or any other system placed in the ap- 
proach piping. The problem in question can be 
influenced by the design of the headbox, whereas 
it is the object of the solution according to the 
invention to reduce the above mentioned ^mall- 
scale unevenness of solids distribution in the stock 
more economically than, or at least as effectively 
as the best of the known solutions do. 

The above mentioned basic weight variations in 
the machine direction are mainly caused, firstly, by 
variations in the volume flow of the stock in the 
inlet pipe to the headbox, secondly, by the pres- 



sure waves proceeding at sonic speed, always 
present in the inlet pipe, which at the slice are 
changed into variations in the kinetic energy of the 
jet, and thirdly, by large-scale variations in the 

5 consistency of the stock in the said inlet pipe. 

In short, the input disturbance signal dealt with 
by the invention can be described to be the dy- 
namic pressure variation at the slice, and the out- 
put disturbance signals are the hydrostatic pres- 

10 sure variation in the piping, the variation in the 
pressure fed by the pump, the variations in the 
pressure loss during the process, the impulse pres- 
sures caused by the pulsation transmitted to the 
piping through its supporting structure and the varf- 

re aiions of pressure in the piping caused by turbu- 
lence, especially at valves, elbows of the pipes, 
etc. In practice it has been observed that each of 
the various disturbance signals has their own char- 
acteristic, often very wide, frequency spectrum. 

20 However, clearly observable peaks at frequencies 
corresponding with those of the speed of rotation of 
the pumps and its multiples and subharmonics 
characterize for example the spectra of the distur- 
bance signals of the pumps. In practice, detrimen- 

25 tai pulsation exist in the frequency range of 1-50 
Hz, the amplitudes of the pulsation being in the 
range of 1-20 mbar (= 1-20 cm H2O). 

A previously known solution for attenuating the 
pressure pulsation in the headbox of a paper ma- 

30 chine has been disclosed in the US patent 3 649 
446, in which the volume of the headbox is 
changed according to the pressure variations in 
order to achieve the desired pressure, and in which 
there is an air space. 

35 US patent 4 146 052 discloses a previously 

known solution for attenuation system for pressure 
disturbancies in the stock flow of a paper machine. 
The apparatus according to the patent in question 
comprises a housing having a chamber and a 

40 transition section with a perforated plate in the 
housing at the downstream end of the transition 
section. This plate extends across the entire cross- 
section of the transition section and has a number 
of ducts, each of which has a series of flow sec- 

46 tions of step-wise increasing cross-sectional area in 
the direction of liquid flow. The attenuation of the 
pressure disturbancies' is obtained through the co- 
operation of the transition section and the perfo- 
rated plate. 

50 Fl patent 57281 discloses a solution for a sys- 
tem for attenuating pressure variations in the stock 
flow of a hydraulic headbox of a paper machine, in 
which the inlet header and/or the equalizing cham- 
ber communicate with an air container through a 
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flexible wall , which can vibrate under the influence 
of the pressure variations and which is parallel with 
the direction of the stock flow at this point. 

Fl patent 57282 also discloses an apparatus for 
dampening pressure disturbancies in the stock 
flow, which is meant to be placed in the approach 
piping of the stock. This apparatus is equipped with 
a closed air space and a closed container having a 
flow duct running through it whose walls are of 
flexible, membrane-like material allowing it to 
vibrate under the influence of pressure disturban- 
cies, which on one side is in immediate commu- 
nication with the air space of the container. 

One further previously known apparatus to be 
placed in the approach piping of a hydraulic head- 
box of a paper machine for attenuation of pressure 
and flow disturbancies is disclosed in Fl patent 
58955. The apparatus according to this patent 
comprises a container, an air chamber and a cham- 
ber for the stock flow within it. which are in com- 
munication with each other by means of a flexible 
membrane-like wall. 

The previously known headboxes are of three 
main types: 

a) those equipped with an air cushion built 
directly in connection with the headbox, the so- 
called air cushion headboxes. 

b) hydraulic headboxes equipped with air 
cushions separate from the headbox, where the air 
containers are located either in the approach piping 
before the inlet header or after it and 

c) hydraulic headboxes without any air cush- 
ions 

The purpose of the air cushions is to equalize 
pressure variations occuring in the stock flow be- 
fore the slice or the discharge opening, which may 
either originate from the stock system before the 
headbox or from the headbox itself. 

In an air cushion-type headbox according to 
point a) the attenuation of said transient pressure 
variations Is usually quite effective, as the area of 
the stock flowing against the air cushion is rela- 
tively large and the height of the stock space 
measured transversely to the direction of the flow 
relatively low. These headboxes have another ad- 
vantage, namely that the air cushion usually ex- 
tends very close to the slice of the headbox, so 
there is little risk for new pressure variations to 
arise in the area left between the air cushion and 
the slice lip. 

In spite Qf the advantages described above. the 
air cushion-type headboxes have lately often had to 
give way to hydraulic or fully hydraulic headboxes 
mentioned in points b) and c) where the newest, 
fast paper machines are concerned, the reason 
being the easier fitting in of the latter in connection 
with the twin wire formers and, on the other hand, 



the lower production costs. The greater turbulence 
of the stock jet coming from the slice and the more 
favourable distribution of the turbulence intensity 
plus the consequently better homogenity of the 

s stock have also been in favour of adopting the 
hydraulic headboxes. 

To counter-act the advantages mentioned 
above, the hydraulic headboxes have displayed 
difficulties caused by the pressure variations de- 

70 scribed earlier.Often an originally fuily hydraulic 
headbox has been fitted with one or several sepa- 
rate air containers to act as the air cushion of an air 
cushion-type headbox. Various solutions are known 
for placing the separate air containers, in some of 

is which the air containers have been connected to 
the stock piping before the headbox, and in others 
mounting them above the headbox itself and con- 
necting them by pipes or ducts with the upper 
section of the headbox. 

20 The latter solution has, however, a drawback, 
namely that with an air container disposed above 
the headbox the height of the free surface of the 
liquid from the central axial of the liquid flow be- 
comes great or that the connection pipes or duct 

25 leading from the headbox into the air container has 
to be dimensioned narrow in relation to the main 
flow duct. In both cases the attenuation capacity is 
considerably reduced compared with the attenu- 
ation capacity of a normal air cushion-type head- 

30 box. 

It is the main object of the invention to provide 
an active attenuator which eliminates the pressure 
variations present in the stock and which can re- 
place the attenuation chamber of the headbox and 

35 its air space in order to dispense with the air 
space. The invention can be carried out with a 
construction that is simpler and cheaper to produce 
than previously known constructions. 

The invention is based on the fact that the 

40 coefficient of elasticity of a liquid is very great. For 
example, changing the volume of pure water by 1 
% changes the pressure of the water within this 
volume by approximately 200 bar. The change of 
pressure in stock is not quite this great, as stock 

45 always contains small quantities of air. On a prac- 
tical level the change of volume of the stock by 1 
% probably means a change of the pressure by 
about 20 bar. In the method according to the 
Invention, the volume available for the stock is 

50 changed by means of water fed into the stock. The 
water flow is very rapidly changed and conse- 
quently the volume available for the stock also 
changes very rapidly. By controlling the water flow 
in a suitable way it is thus possible to eliminate the 

55 pressure variations present in the stock. The quan- 
tity of water needed is very small, even a change 
of voiumn of one thousendth of one percent will 
cause the 20 mbar-pressure change needed for the 
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elimination of pressure pulsation. In practice some- 
what larger quantities of water will be needed, for 
the piping does not entirely correspond to a com- 
pletely cfosed vessel. In practice the suitable quan- 
tity of water for a stock flow of 10 000 l/min is 1-10 
1/min. This quantity of water has no practical bear- 
ing on the consistency of the stock. 

The invention is mainly characterized In that 
the method comprises a combination of the follow- 
ing steps: 

a) the pressure pulsation in the stock is 
measured; 

(b) a water flow to be fed into the stock is 
controlled on the basis of the results of the mea- 
surement according to step (a); 

(c) the available volume of the stock flow is 
controlled by the variations in the water flow 
achieved by the control according to step (b); 

(d) pressure variations are achieved by vol- 
ume variations according to step (c), the pressure 
variations being arranged substantially in opposi- 
tion in relation to the pressure variations to be 
attenuated thus attenuating the pressure variations 
in the stock. 

Futher preferred features of the method ac- 
cording to the invention are disclosed in claims 2-3. 

The apparatus for carrying out the method ac- 
cording to the invention is characterized in that the 
apparatus comprises a pressure sensor or a cor- 
responding set of sensors, on the basis of whose 
output signal/signals a regulator has been arranged 
to automatically control the water flow to be fed 
into the stock by an adequately fast valve arrange- 
ment moved by the controlling element of the 
regulator. 

Further advantageus features of the apparatus 
according to the invention are disclosed in claims 
5-9. 

The invention is described in detail in the fol- 
lowing, with references to some embodiments of 
the invention shown in the figures in the enclosed 
drawings, which, however, by no means limit the 
invention. 

Fig. 1 shows a schematic view of an appara- 
tus according to the invention. 

Fig. 2 shows a schematic view of another 
embodiment of the apparatus. 

Fig. 3 shows in the form of a chart the 
elimination of the pressure variations by means of 
an anti-phase change of pressure. 

In the apparatus according to fig. 1 the pres- 
sure pulsation in the stock flowing into a headbox 
10 through a stock pipe 5 are measured using an 
adequately fast and sensitive pressure sensor 6 or 
by corresponding means. Pressure sensor 6 sends 
a signal to an electronic regulator 7, which trans- 



forms from the signal of pressure sensor 6 a signal 
to be fed into a hydraulic servo valve 3. Via elec- 
tronic regulator 7 the signal is sent further to hy- 
draulic servo valve 3, which controls the position of 

5 the piston of a hydraulic controlling element 2. The 
piston of hydraulic controlling element 2 moves the 
spindle of a valve 1 so that the throttling of valve 1 
changes according to the position of the spindle. 
Valve 1 controls the water flow fed into the stock 

to from a pressurized water container 8 via a pipe 4 
Into stock pipe 5, the direction of the flow being 
from the outside to the inside of headbox 10. 

The measuring point of pressure sensor 6 is 
preferably located somewhat closer to headbox 10 

is than the distance between the feeding point of pipe 
4. 

The signal given by regulator 7 to controlling 
element 2 via servo valve 3 controls valve 1 via 
controlling element 2 in the way that the water flow 

20 introduced via valve 1 along pipe 4 into the stock in 
pipe 5 changes the volume available for the stock 
and thus also the pressure in the way that the 
pressure pulsations are eliminated. 

While transforming the signal from pressure 

25 sensor 6, electronic regulator 7 also takes into 
account the delays caused by various controlling 
elements and the differences in speeds and dis- 
tances of the stock and water flow, so that the 
change in the volume available for the stock caus- 

30 ed by the change in the water flow cause a pres- 
sure change which eliminates the pressure pulsa- 
tion. Pig. 3 shows an example of how pressure 
pulsation PV is eliminated by an anti-phase pres- 
sure change PM. 

35 Valve 1 is controlled very rapidly, and con- 

sequently servo valve 3 and the controlling element 
also function sufficiently fast, at a speed of approxi- 
mately 50 Hz, the distance of travel being very 
short approximately ± 1 mm. 

40 The water to be fed into the stock in pipe 5 via 

pipe 4 and valve 1 is pumped into a pressure tank 
8, which has a constant pressure. The pressure in 
pressure tank 8 is preferably about 20-30 bar. 

The pressure oil for hydraulic servo valve 3, 

45 which controls controlling element 2, is supplied by 
a hydraulic aggregate 9. 

Pipe 4 between valve 1 and stock pipe 5 Is 
sufficiently short for changing the speed of the flow 
sufficiently fast in order to eliminate the pressure 

so pulsation. 

Rg.2 shows another embodiment of the inven- 
tion, where the pressure pulsations are measured 
using pressure sensor 6 for instance from slice 11 
of headbox 10. The signal from pressure sensor 6 

55 goes via regulator 7, which transforms the signal, to 
servo vaive 3, which controls the piston of control- 
ling element 2, which in turn moves the spindle of 
valve 1 in the way that the throttling of valve 1 
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changes according to the position of the spindle. 
Valve 1 controls the water flow fed into the stock in 
headbox 10 from pressure tank 8 through pipe 4. 

In the solution according to this embodiment 
the water flow is fed into headbox 10 through one 
or preferably several pipes. Pipes 4 are preferably 
placed in parallel at suitable intervals transverse to 
the direction of the stock flow. The measurement of 
the pressure pulsation is however carried out using 
only one sensor 6. 



Claims 

1 . A method of active attenuation of the pres- 
sure pulsation in the stock fed into the headbox of 
a paper or board machine, characterized in that the 
method comprises in combination the following 
steps: 

(a) the pressure pulsation in the stock are 
measured; 

(b) a water flow to be fed into the stock is 
controlled on the basis of the results of the mea- 
surement according to step (a) ; 

(c) the available volume of the stock flow is 
controlled by the variations in the water flow 
achieved by the control according to step (b) ; 

(d) pressure variations are achieved by vol- 
ume variations according to step (c), the pressure 
variations being arranged substantially in anti- 
phase in relation to the pressure variations to be 
attenuated thus attenuating the pressure pulsations 
In the stock. 

2. The method in accordance with claim 1, 
characterized In that the water flow to be fed into 
the stock is controlled in the way that the delays 
caused by various controlling elements and differ- 
ences in distance and/or speed of the stock and 
water flow are taken into account when transform- 
ing the control signal for water flow to achieve the 
change in pressure that will attenuate the pressure 
pulsation. 

3. The method in accordance with claim 1 and 
2, characterized in that pressure disturbancies in 
the stock having a spectrum energy mainly in the 
frequency range of 1-50 Hz are attenuated. 

4. An apparatus for carrying out the method in 
accordance with any of claims 1-3, characterized in 
that the apparatus comprises a pressure sensor (6) 
or a corresponding set of sensors, on the basis of 
whose output signal/signals a regulator (7) has 
been arranged to automatically control tine water 
flow to be fed into the stock by an adequately fast 
valve arrangement (1) moved by the controlling 
element (2) of the regulator (7). 



10 



15 



20 



25 



30 



35 



5. An apparatus in accordance with claim 4, 
characterized in that the pressure pulsations in the 
stock are arranged to be measured by means of a 
pressure sensor (6) from the stock pipe (5) and that 
the water flow is led Into the stock inside the stock 
pipe (5). preferably through one feeding point (4). 

6. An apparatus in accordance with claim 4, 
characterized in that the pressure pulsations in the 
stock are arranged to be measured by means of a 
pressure sensor from the slice (11) of the headbox 
(10) ancf that the water flow is ted into the stock in 
the headbox (10). preferably transverse to the flow 
direction of the stock through several parallel feed- 
ing points (4). 

7. An apparatus In accordance with any of 
claims 4-6, characterized in that the regulator (7) is 
an electronic regulator which transforms the signal 
given by the pressure sensor (6) into a controlling 
signal for the water flow taking into account the 
delays caused by various controlling elements and 
differences in distance and/or speed of the stock 
and water flow in order to achieve pressure vari- 
ations attenuating the pressure pulsation. 

8. An apparatus in accordance with any of 
claims 4-7, characterized in that the controlling 
element (2) is a hydraulic cylinder (2) controlled by 
a servovalve (3) or corresponding means. 

9. An apparatus in accordance with claim 5, 
characterized in that the measuring point of the 
pressure sensor (6) is located somewhat nearer the 
headbox (10) than the feeding point (4) of the water 
flow. 
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